Thirty-two strains of the novel species Starmerella meliponinorum sp. nov. were isolated from various substrates associated with three stingless bee species (tribe Meliponini) in Brazil and one in Costa Rica. The strains were found in garbage pellets (faecal material, discarded pollen or food, etc.), pollen provisions, adult bees, honey and propolis of Tetragonisca angustula, in honey from Melipona quadrifasciata and in adults of Melipona rufiventris and Trigona fulviventris. The sequence of the D1/D2 domains of the large-subunit rDNA showed that the novel species belongs to the Starmerella clade and is most closely related to Candida etchellsii, although the two differ in their sequences by 7 % base substitutions. S. meliponinorum is homothallic and assimilates few carbon sources. Nitrate is utilized as a sole nitrogen source. The type strain of S. meliponinorum is strain UFMG-01-J26.1 T (=CBS 9117 T ).
INTRODUCTION
The stingless honeybees (tribe Meliponini), often simply called stingless bees, are highly eusocial forms living in permanent colonies often composed of many thousands of individuals. The tribe Meliponini is a much more diverse group than the tribe Apini (Apis), and its many species are restricted to the tropical regions of the world. In the neotropics, the Meliponini are extremely numerous in species and individuals; in fact, they are the most conspicuous bees (Michener, 1974) . Nests of stingless bees are usually in preexisting cavities (subterranean or arboreal) and are occasionally associated with ant or termite nests. The entrance is either a small opening, just large enough to allow one bee at a time to pass, or a more elongated, tube-like entrance that may have a flared opening. Foraging bees visit a wide variety of resources and large amounts of food are stored in the nests (Wille, 1983; Nogueira-Neto, 1997 ).
Nests of eusocial bees usually harbour a diverse microbiota. The microbial community associated with bees, their food and their environment has been studied with the ultimate aim of determining the role of micro-organisms in the biochemistry, nutrition and physiology of these insects (Gilliam et al., 1988) . Various yeast species are associated with honey bees (Apis mellifera) and solitary bees (Inglis et al., 1993; Gilliam, 1997; Rosa et al., 1999; Lachance et al., 2001a, b) . Gilliam et al. (1984 Gilliam et al. ( , 1985 isolated bacteria of the genus Bacillus in tropical species of stingless bees, but they did not observe yeasts. A few individuals of Trigona spp. collected on various flowers in Costa Rica were found to harbour several novel yeast species in the Starmerella clade, only two of which have been described (Lachance et al., 2001a) . Another yeast, represented by a single strain, has been reported as 'Candida etchellsii sister 7?0 %' (Lachance et al., 2001b) . During a study of yeasts associated with stingless bees in Brazil, an ascospore-forming species was frequently isolated from food resources and adults of these insects. The sequences of the D1/D2 domains of the large subunit rDNA showed that the Brazilian isolates and the Costa Rica strain represent a second species in the recently described genus Starmerella (Rosa & Lachance, 1998) . The novel species Starmerella meliponinorum sp. nov., named for its association with the four meliponine (stingless) bee species Melipona quadrifasciata, Melipona rufiventris, Tetragonisca angustula and Trigona fulviventris (Hymenoptera: Apidae: Meliponini), is described herein.
METHODS
Isolation and characterization of yeasts. The strains considered in this study are listed in Table 1 . The samples were collected
The GenBank/EMBL/DDBJ accession number for the large-subunit rRNA gene sequence of strain UWO(PS)00-227.1 is AF313354.
in 2000 and 2001 in three locations in the state of Minas Gerais, Brazil, and in the Area de Conservació n Guanacaste, Sector Santa Rosa, Costa Rica. Honey, propolis, pollen provisions and garbage pellets (faecal material, discarded pollen or food, etc.) were usually cultured a few hours after sampling. The samples were diluted in approximately 10 vols sterile water and vortexed for 1 min. One loopful was streaked out or 0?1 ml of successive decimal dilutions was spread on YM agar (1 % glucose, 0?5 % peptone, 0?3 % malt extract, 0?3 % yeast extract, 2 % agar) supplemented with 100 mg chloramphenicol l 21 . Adult bees were allowed to walk for 15-30 min on YM plates before being removed and identified. The plates were examined periodically and representative yeast colonies were purified and maintained in YM slants or liquid nitrogen. The yeasts were characterized by standard methods (Yarrow, 1998) . Identities were verified using the keys of Kurtzman & Fell (1998) and also with the computer program YEASTCOMPARE (Ciriello & Lachance, 2001) , which compares the nutritional characteristics of any yeast with those of known species.
DNA sequence analysis. The D1 and D2 variable domains of the large-subunit rDNA were amplified by PCR from whole cells as described previously . Amplified DNA was concentrated and cleaned on QIAquick PCR columns (Qiagen) and sequenced in an ABI sequencer at the John P. Robarts Research Institute, London, Ontario, Canada. The sequences were edited with the program DNAMAN version 4.0 (Lynnon BioSoft). Existing sequences for other yeasts were retrieved from GenBank. The CLUSTAL W (Thompson et al., 1994) algorithm provided in the DNAMAN package was used to align the sequences and to construct a neighbour-joining tree with 1000 bootstrap iterations.
RESULTS AND DISCUSSION
Classification and ecology D1/D2 sequence analysis showed that the novel species belongs to a clade of several species related to the ascosporogenous genus Starmerella. Although these yeasts form two subclades (Lachance et al., 2001a) , the species shown in Fig. 1 were chosen to represent only one subclade, the other being represented only by Candida vaccinii, which also serves as the outgroup. Strain numbers identify species that have not yet been described but whose sequences have been deposited in GenBank (Lachance et al., 2001b) along with that of S. meliponinorum strain UWO(PS)00-227.1. The sequences of strains UFMG-01-J12.1 and UFMG-01-J26.1 T were identical to that of the former strain. The novel species is most closely related to Candida etchellsii and two as yet undescribed species, but differs from them by 5?7-9?1 % base substitutions. S. meliponinorum fits sufficiently well into the generic description (Rosa & Lachance, 1998) to make an emendation unnecessary. Its discovery further reinforces the belief that intensified sampling of yeasts in this clade will eventually cause the genus Starmerella to reach significant proportions.
Found in many heterogeneous sources (Meyer et al., 1998) , C. etchellsii has also been recovered from a stingless bee (M.-A. Lachance, unpublished results), as have the other two sister species shown in Fig. 1 (Lachance et al., 2001b) . In fact, most yeasts in the Starmerella clade were isolated from bees or sugar-rich microhabitats visited by bees. The occurrence of S. meliponinorum in association with meliponine bees and their food resources indicates that the yeast may play an important role in the nutrition of the bees. S. meliponinorum was found not only in adult workers of Tetragonisca angustula, but also in their pollen provisions, honey, propolis and garbage pellets, suggesting a particularly close association with this bee. The novel species was found less frequently in Melipona quadrifasciata and Melipona rufiventris, which appear to be dominated by other yeasts (C. A. Rosa, unpublished results).
The population sizes of S. meliponinorum in hives of Tetragonisca angustula were large:~2?6610 4 c.f.u. ml
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were found in honey, 7?9610 5 c.f.u. g 21 in garbage pellets and 1?3610 6 c.f.u. g 21 in pollen provisions. This indicates that the yeast is metabolically active and can grow at the expense of the sugars present in these resources, improving their nutritional quality. Yeasts are known to be a rich source of proteins and vitamins for other insects such as Drosophila and beetles (Starmer, 1981; Morais et al., 1994; Lachance et al., 2001b) . The high counts further suggest that S. meliponinorum is not an agent of food spoilage for these bees, but rather that a close mutualistic association exists between the yeast and the insects. Gilliam (1979) suggested that Candida magnoliae, a member of the Starmerella clade, is actively added to trapped pollen by Apis mellifera. The yeast was absent in the pollen of almond flowers before they were visited by the honey bees, but occurred in the guts of adult workers, trapped pollen and bee bread samples. Similar results were obtained by Rosa et al. (1999) with two solitary digger nesting bees in Brazil. Candida batistae, also in the Starmerella clade, was frequently isolated from nests at high levels, suggesting that it plays an essential role in improving the nutritional quality of the provisioned pollen. Clearly, such symbiotic interactions should be studied more intensively across the geographical range of tropical bees.
Identification
Most yeasts in the Starmerella clade are physiologically similar and are fermentative and utilize few carbon compounds. The ascosporogenous species Starmerella bombicola and S. meliponinorum can be separated on the basis of utilization of nitrate and nitrite as nitrogen sources and the assimilation of maltose as sole carbon source, both of which are exclusive to the latter. S. bombicola is heterothallic and S. meliponinorum is homothallic. All strains of S. meliponinorum listed in Table 1 produced asci and ascospores on yeast carbon base with 0?01 % ammonium sulfate. Among the closest relatives of S. meliponinorum (Fig. 1) , strain UWO(PS)00-102.2 is nearly identical physiologically. Strain UWO(PS)00-226.2 failed to grow on maltose, D-ribose, nitrate or nitrite, grew at 37˚C and was resistant to 1000 mg cycloheximide ml
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. C. etchellsii did not assimilate sucrose or raffinose (Meyer et al., 1998) . Unfortunately, these growth responses were variable (the Costa Rican isolate was negative).
Latin diagnosis of Starmerella meliponinorum Teixeira, Marini, Lachance et Rosa sp. nov.
In medio liquido post dies tres cellulae singulae aut binae; cellulae ovoidae (2-362-5 mm). Post unum mensem sedimentum formantur. Cultura in agaro malti post dies 14 (17˚C) parva, convexa, glabra et candida. In agaro farinae Zea mays post dies 14 mycelium nec pseudomycelium non formantur. Post dies unus in agaro glucosi et extracti levidinis asci formantur. Post dies duo, asci ascosporam una liberant. Species homothallica. Glucosum, sucrosum (variabile), maltosum et raffinosum (variabile) fermentantur. Galactosum, L-sorbosum, maltosum, sucrosum (variabile), raffinosum (variabile), D-ribosum (lente), glycerolum, mannitolum, glucitolum, acidum succinicum (variabile) et xylitolum (lente) assimilantur, at non inulinum, melibiosum, lactosum, trehalosum, melezitosum, cellobiosum, salicinum, amylum solubile, L-rhamnosum, D-xylosum, L-arabinosum, D-arabinosum, ethanolum, methanolum, 2-propanolum, erythritolum, ribitolum, galactitolum, meso-inositolum, acidum lacticum, acidum citricum, 2-ketogluconatum, glucosaminum, N-acetylglucosaminum, acetonum, ethyl acetas nec hexadecanum. Natrium nitricum, natrium nitrosum, ethylaminum (lente), lysinum et cadaverinum et assimilantur. Ad crescentiuam vitaminae externae necessariae sunt. Augmentum in 30˚C, at non 37˚C. 
